Gordonia species are aerobic Gram-positive bacilli and a rare cause of human disease. To our knowledge, there are only two cases of human infection with Gordonia sputi reported in the literature. We report five cases of bacteraemia due to Gordonia species at our institution since 2005, including four caused by G. sputi. Three of these cases were likely related to chronic indwelling central venous catheters.
Introduction
Formerly classified as rhodococci, the genus Gordonia (previously Gordona) comprises a group of aerobic, weakly acid-fast, thin Gram-positive bacilli which are very rare causes of human disease (McNeil & Brown, 1994) . There are a limited number of case reports describing infections caused by Gordonia, mostly with Gordonia terrae, and rarely with Gordonia sputi and Gordonia bronchialis.
Here, we report five cases of G. sputi and G. bronchialis bacteraemia since 2005 from our institution and attempt to define the host risk factors and disease course in order to develop treatment strategies for this emerging pathogen.
Case reports Case 1
A 43-year-old woman with a history of systemic lupus erythematosus treated with plaquenil and pulmonary hypertension requiring chronic treprostinil infusion presented to the hospital. She had several prior admissions for central venous catheter infections, and a new subclavian Groshong catheter had been placed 6 months earlier. Three weeks prior to admission, she had been hospitalized for fever and diarrhoea, and responded to empiric metronidazole for Clostridium difficile colitis. Blood cultures were negative at that time.
Two days prior to admission, the patient was evaluated for fevers and rigors. Blood cultures drawn at that time, as well as subsequent admission cultures, grew beaded, branching Gram-positive rods. On admission, she was febrile to 103.5 u F and hypotensive, requiring pressor support. She had no tenderness, erythema or drainage around her catheter site and she had no productive cough. She was initially started on vancomycin and piperacillin/tazobactam but this was changed to imipenem, amikacin and minocycline. Her Groshong catheter was removed, but the tip was not cultured. After the organism in her blood was identified as G. sputi, her antibiotics were readjusted empirically to vancomycin and imipenem, resulting in clinical improvement and sterilization of blood cultures. The patient's husband, a construction worker, often managed her chronic infusions and admitted to occasional breaches in aseptic technique. His hands were cultured using the standard 'juiced glove' technique (Larson et al., 2003) , but Gordonia was not recovered.
Case 2
The patient was a 46-year-old woman with HIV on antiretroviral therapy (CD4 176 cells mm
23
, HIV-1 plasma RNA ,50 copies ml 21 ), with hepatitis C cirrhosis and pulmonary hypertension requiring chronic treprostinil infusion via a subclavian Groshong catheter with a 2-month history of progressive dyspnoea on exertion, weakness, dry cough, night sweats and weight loss. A chest CT with contrast 1 month prior to admission demonstrated multiple small nodular and patchy opacities bilaterally. A repeat scan 2 weeks later demonstrated similar nodular opacities in new locations and some resolution of the initial nodules. Work-up included negative tests for serum cryptococcal antigen, Aspergillus galactomannan, and Histoplasma and Legionella urinary antigens. Bronchiolar lavage fluid from a bronchoscopy 1 week prior to admission was negative for Pneumocystis jiroveci, Aspergillus spp., Nocardia spp., Actinomyces spp., respiratory viruses, fungi and acid-fast bacilli.
Two days after her bronchoscopy, she was admitted for subjective fevers and worsening dyspnoea. She was afebrile and normotensive with a room air oxygen saturation of 93 %. A CT angiogram of the chest revealed no pulmonary embolus but more patchy small nodules in the upper lobes bilaterally. After 6 days, her admission blood cultures grew Grampositive bacilli. She was started on vancomycin (hospital day 9), but developed acute respiratory failure on hospital day 10. Repeat CT showed a new left lower lobe infiltrate and still more small nodular lesions. She was admitted to the intensive care unit with a presumed diagnosis of aspiration pneumonia and treated with levofloxacin, tobramycin and vancomycin. On hospital day 15, the admission blood culture isolates were identified as G. sputi (susceptible to penicillin, imipenem, vancomycin, gentamicin and tobramycin; resistant to erythromycin). Although blood cultures from hospital day 2 were negative, blood cultures from the Groshong catheter drawn on hospital day 5 and peripherally on hospital day 11 were both positive for G. sputi. Her Groshong was removed and a transthoracic echocardiogram revealed no vegetations. She remained on vancomycin and imipenem; blood cultures from hospital day 12 and 19 were negative, but her respiratory status worsened, requiring vasopressors, inotropic support, inhaled nitric oxide and intubation. On hospital day 23, she expired. An autopsy was not performed.
Case 3
A 78-year-old female smoker with emphysematous chronic obstructive pulmonary disease (COPD) on home oxygen therapy presented to the hospital for nausea and diarrhoea. Several months before, she had been hospitalized for mesenteric ischaemia and was receiving parenteral nutrition via a Hickman catheter. Three weeks prior to admission, she received a short course of oral steroids for a COPD exacerbation. Several days prior to admission, she experienced nausea, vomiting, diarrhoea and lethargy; she was found to have a temperature of 100.5 u F and a white blood cell count of 19 000 cells ml
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. On admission, her oxygen saturation was 96 % while receiving oxygen by nasal canula at 2 l min
. She was given levofloxacin initially, but this was discontinued when stool studies and abdominal ultrasound were negative. Her Hickman catheter was removed on hospital day 8 with resolution of her fever. One bottle from a blood culture drawn on hospital day 7 was initially reported as Corynebacterium sp., but was later revised to be G. sputi (susceptibility testing not performed). The tip of her Hickman catheter, however, grew more than 15 colonies of Staphylococcus epidermidis. She was treated with 7 days of oral linezolid.
Case 4
A 67-year-old diabetic man presented to the hospital with a non-ketotic hyperosmolar coma. He remained in a persistent vegetative state with severe ischaemic encephalopathy. Blood cultures drawn on the day of admission grew G. bronchialis (identified by the New York City Department of Health Laboratory). Despite a prolonged hospital stay and multiple subsequent admissions over the following 3 years, no additional cultures grew Gordonia species from any site.
Case 5
A 60-year-old man was admitted with a communityacquired pneumonia, complicated by a large pleural effusion. A chest tube was placed and he was treated with levofloxacin. Blood cultures drawn on the day of the second admission grew G. sputi (one of three sets). These were felt to be a contaminant and repeat blood cultures drawn on hospital day 9 remained negative. Two years later, he remained well in outpatient follow-up.
Methods
Blood cultures. All adult blood cultures consist of one aerobic (BACTEC Plus Aerobic/F) and one anaerobic (BACTEC Lytic/10 Anaerobic/F) bottle. Each bottle is inoculated with 8-10 ml blood and the recommendation is to collect a minimum of two sets per febrile episode. Bottles are loaded onto BACTEC 9240 instruments (Becton Dickinson) and held for 5 days. The Gordonia isolates recovered from these case patients were all detected within 16-28 h of incubation.
Organism identification. Gram stains prepared from the positive blood culture bottles demonstrated Gram-positive rods, consistent with Corynebacterium species. The following day, sparse bacterial growth was observed on 5 % sheep blood agar and chocolate plates. Gram staining of the colonies revealed medium to long beaded Grampositive rods which were also modified acid-fast positive and nonbranching. After 48 h of incubation, macroscopic observation demonstrated small dry colonies that were non-haemolytic, slightly pink, with undulating margins. Isolate identification was attempted using the API Coryne strip (bioMérieux), which employs dehydrated substrates for the determination of enzymic activity and/or fermentation of carbohydrates. Biochemical reactions were read at 24 and 48 h, in accordance with manufacturer's directions. With the exception of urease and nitrate, all reactions remained negative at 48 h. When entered into the API database, this biochemical pattern identified the organism as Rhodococcus sp. (98 % identification percentage). This identification was inconsistent with morphological observations; therefore, preliminary identifications were either a Gram-positive rod or Corynebacterium sp.
Definitive identification was obtained by partial 16S rRNA gene sequencing, which employs two eubacterial universal primers, P8-27 and P1392-1372, followed by a direct sequencing method (Blaschke et al., 2007) . Sequences obtained for our clinical isolates matched that of G. sputi present in the GenBank/EMBL database.
Discussion
Since their taxonomic differentiation 20 years ago, 29 different species of Gordonia have now been identified. There are very few reports in the literature of Gordonia species causing disease, but among them, G. bronchialis has been identified as a cause of catheter-related sepsis and skin abscesses (Sng et al., 2004; Werno et al., 2005) . In 1991, Richet and others reported a cluster of seven cases of sternal wound infection with G. bronchialis following coronary artery bypass graft surgery (Richet et al., 1991) . The outbreak was later traced to a colonized operating room nurse. To our knowledge, there have only been two reports in the literature of human infection with G. sputi. One of these described a case of mediastinitis in a patient following coronary artery bypass graft surgery, who was treated with soft tissue debridement and several weeks of cefmetazole and piperacillin (Kuwabara et al., 1999) . In the other report, Riegel and others described the first and only case of G. sputi bacteraemia in a patient with metastatic melanoma who was receiving treatment with interleukin-2 (Riegel et al., 1996) . The infection was eventually cured by a course of amikacin and piperacillin although the authors do not report the duration of therapy.
Our five cases of Gordonia bacteraemia are heterogeneous. In cases 4 and 5, the Gordonia appears to have been either a contaminant or a colonizer. Cases 1, 2 and 3, however, all appear to represent true disease attributable to infection with G. sputi although their presentations differed. Whereas the patient in case 1 presented with fairly rapid onset of fever and sepsis, the patient in case 3 had a prolonged course over several months, notable for migratory pulmonary nodules which were hypothesized to be small septic emboli from her Groshong catheter. Because a transoesophageal echocardiogram could not be performed, however, this remains speculative.
Some similarities between the cases are noteworthy. First, all three patients had chronic indwelling venous catheters, which is consistent with the few prior reports of Gordonia bacteraemia (Buchman et al., 1992; Lesens et al., 2000; Pham et al., 2003; Riegel et al., 1996) . Although DNA fingerprinting of the isolates was not performed, we do not believe that these three infections represent a single outbreak as they were temporally separated by several months and the patients had no common exposure.
Finally, all three cases were notable for delays in identification of the pathogen. Without molecular sequencing, many laboratories may erroneously identify these organisms as Corynebacterium species. Several features contribute to the difficulty in identifying Gordonia species: the organism is slow-growing and biochemical identification of the aerobic actinomycetes is time-consuming, labour-intensive and often not conclusive. Gene sequencing using 16S rRNA and HPLC can help make definitive identifications, but not all laboratories have the equipment and personnel to carry out these methods. As a result, identification usually requires referral of the isolate to a reference laboratory (Blanc et al., 2007; Gil-Sande et al., 2006) .
We conclude that G. sputi is a rare but important cause of catheter-related infection in patients with underlying illness. Because identification of Gordonia species can be prolonged or inaccurate when using traditional biochemical methods, it may be important to consider infection with these organisms when blood culture pathogen identifications are inconclusive and the patient is not responding to current antimicrobial therapy.
